Summary. Morphological observations made on forty-nine uteri from twenty-three control and twenty-six IUD rhesus monkeys killed between Days 15 and 20 of their natural menstrual cycle, were related to the physiological condition of the corresponding ovary.
INTRODUCTION
A number of studies have been made on the endometrial morphology of rhesus monkeys fitted with intra-uterine devices (IUDs) (Kar, Chowdhury, Kamboj, Chandra & Chowdhury, 1965 Kar, Kamboj, Chandra & Karkun, 1966; Tamada & Sturgis, 1966) . In addition, the gross effects of an IUD on endome¬ trial morphology immediately after insertion have been recorded by Kar & Chandra for both the mature, cyclic (1965) and the pre-pubertal monkey (1967) . So Bartelmez (1951) has provided the most thorough study of endometrial morphology in normal rhesus monkeys at varying stages of the menstrual cycle. A deciduomal reaction has been induced in rhesus monkeys (Hisaw, 1935; Hisaw, Greep & Fevold, 1937) and has been most extensively studied by Rossman (1940) . Rossman's term 'deciduomal' has been retained in the present study to distinguish the epithelial reaction of the endometrium to trauma in the rhesus monkey from the stromal, decidual cell reaction which occurs in rodents.
This paper is the fifth in a series of communications dealing with the effects of an IUD on conception in the rhesus monkey. It reports our observations on (a) the morphology of the endometrium as related to that of the ovary, and the time of the IUD's contraceptive action, and (b) the induction of a deciduomal reaction in control and IUD monkeys.
MATERIALS AND METHODS
Full details of the management and preparation of the rhesus monkeys used in the series of experiments have been described by .
Endometrial morphology
Observations were made on a series of forty-nine uteri from twenty-three control and twenty-six IUD rhesus monkeys killed between Days 15 and 20 of their natural menstrual cycle. In all of the specimens, the morphology of the endometrium was compared with that of the ovary and/or the corpus luteum .
The monkeys, all of which had previously shown regular menstrual cycles, were killed in the course of other experiments which sometimes necessitated surgical interference involving the uterine lumen (Marston, Kelly & Eckstein, 1969a, b) . Of the control uteri, three had been irrigated with saline during a previous menstrual cycle, fourteen had been subjected to egg transfer during the current cycle, and six had not received any interference. Apart from the interference inevitably associated with insertion of an IUD, six IUD uteri had not received any additional interference, four had been irrigated and sixteen had received egg transfers during the current menstrual cycle.
All of the uteri were obtained from monkeys which had been mated with fertile males during the current menstrual cycle. None of the IUD uteri had contained an IUD for less than 1 month or one completed menstrual cycle.
Fourteen uteri had contained an IUD for more than 12 months (12 to 22 months), four for 6 to 12 months, and eight for 1 to 6 months.
At autopsy, the uterine lumina were routinely flushed with Ringer's solution to recover eggs and embryos. Corner (1945) and our own series of timed ovulations .
The endometrial morphology of control monkeys did not differ from the pattern described by Bartelmez (1951) , and there was no indication in any specimen that it had been altered by surgical interference during the current cycle or in previous cycles.
Certain specific changes were noted in the morphology of the surface epithe¬ lium and its immediately adjacent stroma in the endometria of the IUD monkeys. No significant histological changes in relation to the age of the corpus luteum were found in the glandular epithelium and the endometrial stroma.
As (Rossman, 1940) lying at the base of the surface epithelium. This reaction had progressed in the other specimen to involve the glandular epithelium.
One of the naturally cyclic IUD monkeys showed a pronounced deciduomal reaction which had involved the glandular epithelium (PI. 3, Fig. 19 ). The second IUD animal, however, did not show any reaction. Its corpus luteum differed from those in the other naturally cyclic monkeys, and appeared to be degenerating.
The epithelial changes associated with the deciduomal reaction in both the control and the IUD monkeys were similar and consistent with the observations of Rossman (1940) .
DISCUSSION

Endometrial morphology
Previous studies have shown that although an IUD did not affect ovulation and fertilization, it was contraceptive in the rhesus monkey. The pattern of tubai transport was not markedly disturbed, but eggs could not usually be recovered from the uterus. It was inferred that the principal contraceptive effect of an IUD was probably exerted within the uterus to cause premature destruction of the fertilized egg (Kelly & Marston, 1967; Marston & Kelly, 1968) .
The present study has revealed marked differences in endometrial morpho¬ logy between control and IUD uteri of similar age as determined by dating the corpus luteum. These differences are the presence of (a) a markedly flattened surface epithelium in areas of contact with the device, (b) erosion of the surface epithelium and underlying stroma with fibrosis and extensive leucocytic infiltration in the lateral angles of the uterine lumen, and (c) polymorphonuclear leucocytes lying immediately beneath the surface epithelium, together with variable leucocytic infiltration into the epithelium and the underlying stroma in uteri of IUD monkeys and their absence in uteri of controls.
These results are in marked contrast to those of other workers. Kar et al. (1965, 1967) found no histological or histochemical changes in the endometria of IUD monkeys examined either at 90 days (1965) or 545 days (1967) after insertion of a device. An increase in the rate of oxygen consumption of the endometrium present at 90 days had disappeared at 545 days, suggesting that biochemical adaptation of the uterus to the presence of the device had taken place during the intervening period. Tamada & Sturgis (1966) observed that in three ovariectomized rhesus monkeys, the presence of an IUD for 14 weeks caused pressure atrophy of the endometrial epithelium but did not alter the endometrial response to exogenous ovarian steroids. By contrast, Kar et al. (1966) found that the endometrial response to exogenous oestrogen was histologically and biochemically similar in ovariectomized control and IUD monkeys.
In the present observations on IUD monkeys, thin-walled vascular channels IUDs in rhesus monkeys 337 were usually visible beneath the basement membrane of the surface epithelium in endometria that were associated with an active corpus luteum. Kar & Chandra (1965, 1967) Those workers who have used hysterectomy specimens consider that, in the presence of an IUD, there is no substantial alteration in the rate of morphologi¬ cal development of the endometrium in the human subject (Israel & Davis, 1966; Morese, Peterson & Allen, 1966) . They observed that the IUD specimens usually showed (a) flattening of the surface epithelium in contact with the IUD and fibrosis of the underlying stroma, (b) progressive oedema, during the secre¬ tory phase of the menstrual cycle, of the endometrium enclosed by the device, with development of thin walled vascular channels beneath the surface epithe¬ lium, and (c) a variable, low grade, leucocytic infiltration into the epithelium and stroma in contact with, or immediately adjacent to the IUD. Bonney et al. (1966) , while agreeing that these changes occurred, found that there was also evidence of retardation in the biochemical maturation of the endometrium.
In marked contrast with these consistent results are the observations based on the study of endometrial biopsy specimens. Hall, Sedlis, Chabon & Stone (1965) , Willson, Ledger & Andros (1965) , Lee, Chow, Cheng & Wei (1967) and Sammour, Iskander & Rifai (1967) found that in the presence of an IUD there was delayed maturation of the endometrium during the secretory phase of the cycle. Tamada, Okagaki, Maruyama & Matsumoto (1967) noted that the morphological development of endometria was retarded only in areas that were in contact with the device. Abrams & Spritzer (1966) and Rozin, Sacks & Shenker (1967) did not usually observe significant alterations in their biopsies, but Wynn (1967) found ultra-structural evidence that the development of epithelium was actually advanced in some, but not all, of his specimens. Bartelmez (1951) has shown that there is no clearly defined correlation between the endometrium and the ovarian cycle in the rhesus monkey, and it has been impossible in the present study to come to any conclusion concerning similarities or differences between endometrial development in control and IUD specimens of identical luteal age. It is not known whether they were 'in phase' or 'out of phase' with one another and with the physiological events of the menstrual cycle. (Rossman, 1940) .
Attempts to induce a deciduomal reaction in IUD monkeys were made because this was the only means of assessing the capacity of the endometrium to respond to a stimulus during the implantation period. Hisaw (1935) (1940) established that this epithelial proliferation was comparable to that produced by trauma. The deciduomal reaction in the rhesus monkey has a purely epithelial origin and is not strictly comparable with the stromal decidual reaction which occurs in women and rodents (DeFeo, 1967) .
While implantation in the rhesus monkey is superficial, in women it is interstitial. This and several other major differences between the mechanism of implantation in the two species (Ramsey & Harris, 1966) All the figures are photographs of 8 µ paraffin sections stained with and E. Fig. 1 . Endometrium of control monkey yielding a nine-celled egg from the uterus: corpus luteum aged 4 to 6 days, 10. Fig. 2 . Endometrium of IUD monkey yielding a degenerate, unfertilized egg from the uterus: corpus luteum aged 6 days, 10. Fig. 3 . Endometrium of control monkey yielding an early blastocyst from the uterus: corpus luteum aged 7 days. X 10. Fig. 4 . Endometrium of IUD monkey: corpus luteum aged 7 days: no egg recovered. XlO. Fig. 12 . Detail of control surface epithelium: corpus luteum aged 7 days. x500. Fig. 13 . Detail of IUD 'contact' surface epithelium to show leucocytes: corpus luteum aged 7 days. X 500.
PLATE 3
All the figures are photographs of 8 µ paraffin sections stained with and E. 
